Background: Rheumatoid arthritis (RA) is a heterogeneous autoimmune disease whose etiopathogenesis is largely unknown. Available treatments, though effective, are insufficient in so far as there is no cure for a major proportion of patients. In those patients the disease becomes chronic with progressive joint damage, disability, and limitation of participation. Current treatment approaches include pain-relieving drugs and anti-inflammatory medications that slow joint damage, combined with physical therapies involving a well-balanced, highly personalized sequence of rest and exercise. As pain-relief, overall activity, mobility and participation are vital indicators of disability and response to RA treatment, regular patient feedback in this respect is key to a successful monitoring of the long-term effect of therapy. To manage such feedback, we have developed an easyto-use self-assessment tool "Activity Index" (AI) for tablets and smartphones that enables regular assessments of RA improvement and/or deterioration in the patients' home environment. In this normative study we addressed the questions of (1) The AI sensitivity regarding the resolution of small between-patient differences; and (2) The external validity of the AI instrument when compared with "objective" laboratory and x-ray measures and the HAQ disability index.
Data material and methods: Our sample was comprised of 100 Chinese RA patients under treatment with two repeated assessments at 14-day intervals. Patients were recruited from the consecutive daily admissions at the Beijing General Hospital. As part of the recruitment, patients were documented in terms of socio-demographic characteristics and previous RA history. The repeated assessments relied on a standardized clinical protocol along with the self-rating instruments AI and HAQ (Stanford Health Assessment Questionnaire). The clinical protocol encompassed several laboratory methods in order to "objectively" quantify severity of illness and joint damage: rheumatoid factor "RF"; anti-cyclic citrullinated peptide "anti-ccp"; X-ray; and MRI. All statistical analyses were carried out by means of the Statistical Analysis Software SAS 9. 3 
with PROCs FREQ, MEANS, TTEST, CORR, REG, and GLM [unbalanced data].
Results: Based on a RA patient sample where 84% of study patients were treated in an outpatient nursing care setting, we validated our newly developed AI instrument for tablets and smartphones by (1) A comparison with the standard Health Assessment Questionnaire HAQ (indirect validation); and (2) Regression and correlation analyses focusing on the "objective" clinical quantity "joint damage" (external validation). The 10-item tablet/smartphone-based AI was found to measure essentially the same as the 20-item questionnaire-based HAQ, a finding that was underlined by a highly significant between-instrument correlation of r = 0.732 (p < 0.0001). In terms of external validity, the AI displayed a highly significant correlation of r = 0.429 (p < 0.0001) with the clinical quantity "Swollen Joints", thus demonstrating the instrument's efficiency in outpatient nursing care settings. By contrast, simple self-assessment scores of the form "Estimated Percentage of impairment [%]" yielded unsatisfactory results. No statistically significant clinical changes were seen over the 14-day observation period, so that the GLM approach to constructing a multivariate predictor model failed and led to inconclusive findings (model fit ≤ 0.0852).
Conclusion:
Our analyses revealed the validity of the AI instrument as well as its efficiency in outpatient care settings, thus clearing the way for routine applications among patients under RA therapy. Ultimately, this monitoring approach will enable physicians to verify and optimize response to therapy in each individual patient through a more "personalized medicine". Beside assessing disease activity, the monitoring tool has the ability to assess the subjective disability for long term monitoring. 
ORiGinaL ReseaRcH
Check for updates reported outcomes. The disability score together with the restriction of participation is necessary to quantify a long-term effect of a successful therapy. The "Stanford Health Assessment Questionnaire" (HAQ) is a well-established self-assessment instrument that quantifies the patients' disabilities in a standardized way through the disability index "HAQ" [11, 12] . Though routinely used for monitoring the time course of improvement among patients under treatment, it is not optimized as to the specifics of recovery among RA patients [13] . In addition, it does not capture the restriction of participation in daily life.
In consequence, we have developed an easy to use novel instrument called "Activity Index" (AI) that modifies and extends the HAQ in such a way that its sensitivity regarding the assessment of RA consequences (improvement and/or deterioration) is considerably improved. The AI instrument has been specifically designed as an easy-to-use self-assessment tool running on tablets and smartphones [14] .
In a recent study from China it could be documented that functional disability was common in Chinese RA patients. A low quality of life and limitation of joint mobility had great impacts on functional disability [15] .
In an empirical biometric study with repeated assessments on 100 patients under RA treatment we addressed the following questions: (1) Performance of the AI instrument in comparison to the standard HAQ questionnaire score; (2) Sensitivity of the AI instrument regarding the resolution of subtle between-patient differences as observed among RA patients under therapy; (3) External validity of the AI instrument regarding disability due to joint damage in comparison to "objective" laboratory measures; and (4) Comparison of the AI instrument to a self-rating of the patients disability status.
Data Material and Methods
Our sample was comprised of 100 Chinese RA patients under treatment with two repeated assessments at 14-day intervals (21 males, 79 females). Patients were recruited from the consecutive daily admissions at the Beijing General Hospital so that the full variety of between-patient differences inherent in the RA illness could be included in the study population. During recruitment, patients were documented in terms of socio-demographic characteristics and previous RA history (11 Items).
Once enrolled in the study, two repeated assessments were carried out based on a standardized clinical protocol (41 items) along with two self-rating questionnaires namely the HAQ (20 items) and the AI (10 items). Functional disability was evaluated by the HAQ disability Index. The index included 20 questions in eight activity subdimensions. Dressing and grooming, arising, eating, walking, hygiene, reach, grip and common daily activities. The response alternative was 0, able without
Background
Rheumatoid arthritis (RA) is a devastative autoimmune disease where the patient's immune system attacks joint tissues for unknown reasons, thus causing inflammation. The course of RA is in most cases chronic with disease activity ranging from mild to severe. RA can lead to serious joint damage and disability, causing sufferers to lose the ability to work and to have a fulfilling life. The prevalence is about 0.6% in the general population worldwide with increased frequencies in older people. Across age classes, three times as many women suffer from the disease than men [1, 2] .
RA is not a single disease entity but characterized by etiologic heterogeneity and a broad spectrum of significant comorbidities, such as type 2 diabetes, cardiovascular diseases, and psychiatric disorders [3] . Ethnicity and socio-cultural factors seem to play a minor role as revealed by direct comparisons between Europe, the US and China [4, 5] .
Current treatments, though effective, are insufficient in the sense that there is no cure for most patients. Treatment strategies include pain-relieving drugs and anti-inflammatory medications that slow joint damage, combined with physical therapies that involve a well-balanced sequence of rest and exercise. In view of better compliance, exercise programs are highly personalized and tailor-made under consideration of the patients' physical abilities, limitations, and needs; [6, 7] . It has been reported that RA patients have an increased risk of experiencing functional disability with the prolongation of the course of disease [8] . A study from China revealed that there was a higher prevalence of functional disability in joint diseases compared with other diseases or traffic accidents [9] .
Pain-relief, overall activity, mobility and restriction of participation are important indicators of response to RA treatment and long-term disability. Therefore, monitoring these quantities along with patient satisfaction is central to a successful therapeutic approach in the individual patient. The DAS 28 has been widely used for disease activity assessment. This is important to adapt the drug treatment and to use "the treat to target strategy" [10] . However, there is no clear consensus about a standardized disability assessment. The disability assessment can be divided in 2 categories namely an objective and subjective disability assessment. The subjective disability assessment can be captured by relevant patient easy to use and can be performed as an easy-to-use self-assessment tool for tablets and smartphones on the internet. The self-report documentation can be helpful for the treating physician during clinical visits and for long-term telemonitoring.
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Rheumatoid arthritis, Self-assessment tool, HAQ, QUALI-TOUCH activity index, Disability with higher scores indicating more difficulty. Functional disability was defined as the HAQ score > 1 according to difficulty, 1 able with some difficulty, 2 able with much difficulty and 3 unable. The HAQ scores ranges from 0-3 anti-cyclic citrullinated peptide "anti-ccp" [19] , X-ray [20] , and MRI [21] . All empirical data were stored in a SAS databank (Statistical Analysis Software, version 9.3).
Statistical analyses were carried out by means of the Statistical Analysis Software SAS 9.3 [22] , while a proprietary program of the Institute for Response-Genetics, University of Zurich, was used for random sampling and the generation of postscript plots.
As to the performance of the AI instrument in comparison to the standard HAQ, we estimated the extent to previous studies [16, 17] . The activity index is a short 8 items questionnaire covering the subdimensions pain, quality of life and restriction of participation in daily life focusing on household, leisure and job activities ( Figure  1) . The activity index (Figure 2 ) is calculated by a Likert scale and has been validated in pain therapy. It can be used in an e-health format in the internet or mobile phone [14] .
The clinical protocol encompassed several laboratory methods to "objectively" quantify severity of illness along with joint damage (rheumatoid factor "RF" [18] , (20  Items) is, by construction, larger than that of the AI (10 Items). Nonetheless, the 2 instruments appear to measure essentially the same as indicated by the highly significant between-instrument correlation of r = 0.732 (p < 0.0001). data. Female patients were with a mean age of 55.9 ± 15.3 years significantly younger than male patients with a mean age of 64.9 ± 9.0 years (p = 0.01). Additionally, female patients exhibited a more severe form of the illness (p = 0.01). By contrast, no statistically significant sex differences showed up regarding the time duration of illness (10.9 versus 10.4 years), thus suggesting an earlier age-of-onset among females. The age distribution for the sample is given in Figure 1 .
Of these study patients, 84% were treated in an outpatient nursing care setting, thus being an ideal target population for testing our newly developed self-assessment tool that monitors pain-relief, overall activity and disability in the patients' home environment. Ultimately, this monitoring approach will enable the doctors in charge to verify and optimize response to therapy in each individual patient and to monitor the long-term outcome of disability and participation.
In the next step, we determined the extent to which the patients' scores derived through the "Stanford Health Assessment Questionnaire" (HAQ) correspond with the scores derived through the newly developed "Activity Index Instrument" (AI). The variation inherent in the HAQ (20 Items) is, by construction, larger than that of the AI (10 Items). This is a critical point since larger variation typically means better resolution regarding the resolution of subtle between-patient differences. Contrary to expectations, the two instruments turned out to measure essentially the same as indicated by the highly significant between-instrument correlation of r = 0.732 (p < 0.0001). The Scatter diagram "HAQ Scores" versus "AI Scores" illustrates this finding in an intuitive way (Figure 3 ).
To externally validate the AI through "objectively" aswhich HAQ and AI disability scores corresponded to each other by means of correlation and regression analyses. The sensitivity of the AI instrument regarding the resolution of subtle between-patient differences pertinent to RA patients under therapy was determined through an analysis of variance (ANOVA) along with scatter plots that detailed the empirical variations. In this context it is worth noting that "variation" is directly linked to "information": the larger the between-patient variation in terms of the variables under investigation, the better the resolution of between-patient differences.
In addition to the comparison with the standard HAQ (indirect validation), the AI disability scores were externally validated by means of regression and correlation analyses based on the clinical quantity "joint damage" which was assessed by X-rays and "objective" laboratory measures of disease activity. Finally, using a generalized linear model (GLM) we aimed to construct a multivariate predictor model and related classifiers from the patients' repeated assessments in order to determine the extent to which a suitable combination of variables measured at entry into study can predict later outcome.
The study was approved by the local ethics committees and written informed consent was obtained from all participants. There are no conflicts of interest.
Results
When recruiting our study population from the continuous daily hospital admissions at the Beijing General Hospital the first 100 eligible RA patients were 79 females and 21 males, so that the female to male ratio deviated to some extent from the ratio of 3:1 as predicted by worldwide, ethnicity-independent prevalence RA registry which monitored RA patients over the time course of 20 years. It could be documented that patients should be treated within the first 6 months after first symptoms [23] . Other factors such as obesity and illiteracy can contribute to the progression of disability in RA patients [24, 25] . The most important factor which influences poor patient reported outcomes such as the HAQ and the AI is high disease activity [26] . In elderly RA patients' pain and depression are modifiable factors which are associated with disease activity and are therefore related to disability [16] . However, it is still unclear which assessment instruments should be used for longterm monitoring of RA patients. There are several instruments to assess disease activity such as the DAS 28, the clinical disease activity index and the Rapid 3. Disability in RA is usually measured by the HAQ disability index although this instrument has some limitations. In addition, there is a missing instrument to measure activity and participation limitation. In an Indian study the DAS 28, the HAQ and the Rapid 3 were compared with the clinical disease activity index. This study also included RA patients with illiteracy [11] . These authors could document that the clinical disease activity index was useful to make a reasonable clinical decision. However, it is important to capture relevant parameters to predict long-term disability in RA patients. In another study the authors could document that measuring pain, fatigue and joint stiffness at baseline have only a limited value to predict long-term disability of RA patients [27] . There is an increasing body of evidence to study the effect of disability in the different setting of daily life such as paid and unpaid work, leisure, quality of life and participation. Some Mexican authors could show a different impact on these different dimensions of daily life [28] . 25% of RA patients had a permanent work disability after 10 years of treatment with disease modifying drugs. Under this perspective it seems extremely important to monitor long-term disability beside disease activity. Another study could show that differences of quality of life exist between paid and unpaid work. (homework) [29] . In our study we could document that the activity index AI showed similar results like the HAQ disability index. However, the AI is much easier to perform for patients and depicts relevant dimensions of paid and unpaid work and participation limitation. Hence it gives more valuable information about the consequences of RA as a disease. It also measures pain and quality of life and it exists an electronic format for tablets and smartphones. As with disease activity these tools can be used for long term monitoring of in-and outpatients [30] [31] [32] .
Conclusion
Our analyses revealed the validity of the AI instrument as well as its efficiency in outpatient care settings, thus clearing the way for routine applications among RA patients to monitor short and long-term disability and limitation of participation. Ultimately, this monitoring sessable laboratory quantities we have carried out a regression analysis (linear regression) to estimate and detail the relationship between "AI scores" on the one hand and "Swollen Joints" on the other. We found that "AI scores" (independent variable) predicted "Swollen Joints" (dependent variable) surprisingly well (Figure 4) . The respective correlation was with r = 0.429 highly significant (p < 0.0001), thus underlining the validity of the AI instrument as well as its efficiency in an outpatient care setting estimating disease activity and hence activity limitation.
By contrast, self-assessment scores of the form "Estimated Percentage of impairment [%]" yielded unsatisfactory results. In fact, most patients rated themselves rather indifferently as suffering from an impairment somewhere around 32.5% (on a scale of 100%) as shown in the scatter diagram "Impairment [%]" versus "AI score" (Figure 5 ). On the other hand, this scatter diagram also revealed the sensitivity of the AI instrument regarding the resolution of subtle between-patient differences that are typical for RA patients under therapy. Resolution of these subtle differences may be critically important for prediction models regarding response to therapy and quantification of disability and limitation of participation.
Over the observation period of 14 days, we did not see much improvement or deterioration in the clinical RA picture of the patients under investigation. In fact, none of the quantitative dimensions included in the study exhibited changes that reached statistical significance in the analysis of variance. This result might have been expected, given the average illness duration of more than 10 years, and the fact that response to therapy among RA patients is often slow and occurs only in small steps. As there was no direct intervention between the 2-week observation period a direct consequence of this general lack of clinical change (improvement or deterioration), our GLM approach to constructing a multivariate predictor model of response to therapy failed and led to inconclusive results (model fit ≤ 0.0852). However, it demonstrates that disability and activity limitation does not change fast. Similarly, it was not possible to construct the respective classifiers.
As reliable predictor models of response to RA therapies would be of great practical value for a successful and personalized treatment approach to RA patients, we are planning a new "efficacy" study with repeated assessments over 4 weeks where disease activity together with activity limitation and participation will be studied. These data will allow us to broach anew the issue of RA predictor models.
Discussion
It is extremely important to start an effective RA treatment as soon as possible. With this "treat to target therapy" a permanent disability of these patients can be reduced. This key message could be proofed in a approach can be used as e-health tool and will enable doctors in charge to verify and optimize response to therapy in each individual patient through a more "personalized medicine". It also helps to build long term registries to monitor disability and participation limitation and to measure the effect of novel therapeutic agents.
